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Detailed Plan of Procedure (Use additional page* if more space is required.) 
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*(A) Non-ganglIonic Paras; 
Iris Sphincter. 


athomimetic Action of Nicotine upon the 


*.« , 


it: 


W© have observed that nicotine produces; contraction of isolated 
mamalian iris sphincters. This effect occurs by a direct action 
of nicotine upon postganglionic parasympathetic nerve endings and 
leads to the release of cholinergic transmitter Cand the latter 

induces then sphincter contraction)* This interpretation is 
supported by the following observations: 

1) the nicotine induced sphincter contraction shows the charac¬ 
teristic of a mechanism which is mediated by release of 
cholinergic transmitter CSfchaeppi and-Koella-, 1964 ;, Schaeppi 
and Dodd!,, 1965); 

2) isolated iris sphincters react to physiological and pharma¬ 
cological 1 procedures bike ganglio^free preparations' (Schaeppi, 
1966); 
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3) nicotine fails, to produce contraction of chronically para- 
. sympathetically dfenervated irides (Schaeppi and Dodd,, 1965; 
Schaeppi, 1966). 

In future work we wish to- extend our. observations on postganglionic 
parasympathomimetic effects of nicotine upon irides; which will be 
inves bigated in vivo. 

The iris sphincter serves as a model to demonstrate that nicotine 
stimulates the peripheral parasympathetic neuron not only at 
ganglionic sites (Magnus, 1905) but also at postganglionic nerve 
endings. This new mechanism of action of nicotine will help to. 
understand (a) the action of nicotine upon other peripheral para^ 
sympathetic neurons (for instance those innervating- coronary ar- 
teries), and (b) it will' help-to understand the nicotine effect 

> upon brain systems containing, cholinergic neurons. 

For further information see appendix A. 
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(B): Changes in- the Level of Vigilance Elicited, by Administration- of 

! _ Nicotine to the Lower Brain Stem. 

i • — - - ' . ' ‘ 

We have recently observed that nicotine injected into the 4th ven¬ 
tricle of unanesthetized' paralyzed cats which- are kept under local 1 
*> ■ • anesthesia produces a marked change iti the level of vigilance which 
. consists of a phase of arousal followed by a phase of reduced vigi- 
lance. ^ . 

. In the future we wish to further investigate the effects of the 

localized administration of nicotine to the brain, stem* In particular 
we wish* to study the effects of the injection of nicotine 

x'U , 

i-. !)■ into the blood supply to the Tower brain stem; 

” 2)- into the cistern a rnagna-; 

3) - into the 3rd ventricle; 

4) also, wa wish- to investigate the effects of nicotine administra¬ 
tion to localized areas; on the floor of the 4th- ventricle. 

Injection of very small doses of nicotine into the 4th- ventricle elicits 
marked changes in the level of vigilance of unanesthebized paralyzed cats. 
To what extent these nicotine effects play a role upon the production of 
psychic changes occurring in response to systemic administration of nico¬ 
tine or in response to nicotine uptake during tobacco smoking remains to 
be seenu 

For further information see appendix B. 
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SaJariai Schaeppi=50%;; DoddtlOOX. 
Expendable Supplies 
Other Expenses 

Permanent Equipment ** (see below) 
Overhead (15 of a, b, c) 

Total 




^7- Anticipated Deration of Works Two years* 

s' ,»■-.• * ‘ ■ 

„ \ r iL?.v 1 * f *f ‘ 4 . ♦ ‘ ^ v- '? .* • -! * ‘ . - 

t * >” V * ’*!• : »^-a " ? f/.\ ~'V - «... 

;-y^ v>y ~t. Facilities and Slaff Available: X have two laboratories at my disposal* Furthermore, a 
■ * ; • complete set-up for the investigation of pupillary changes. It consists of 

\ VY‘ 1 Gtass 2-channel polygraph, 1 S-4‘ Grass stimulator, a Heath Kit Oscilloscope 
tor monitoring electrical stimulation. Sundry equipment as balances,, etc., 
.iare- likewise at my disposal. To investigate central effects of nicotine an 
'*\£*vd 'Xy operation table with a stereotaxic instrument is also available. 


Additional Requirement** ’ The $3,530.®'^ listed for aquisition of permanent equipment 
4 f be spent to buy the equipment listed on the attached page. 

*• . - - . - 


wmW&W*: 


10. Additional Information (Including ration of work to othar projects and I other scurcas of support); 50% of my 


jjw 'tC^;VW hment. : ' ' C<3ra8s Jolygraph with acceai'ori.s "Cor receding o t~ 
7^SS>1**EEG, Blood pressure, tension, of nictitating membrane, etc;.) 

‘6- channel 1 console 


‘ . r -v 


4 driver amplifiers 
oscillographs 
signal 1 marker 

preamplifiers - 

low level DC 5P1 
— low level AC 

1 Grass force displacement transducer 

1 Sitatham blood pressure strain* gauge 


.4 x* 180.00 

4 x 200,00 


2 x 295.00 

3 x 125.00 
FT 03 

P 23' AC 


550.00 

720.00 

800.00 

120.00 

590.00 

375.00 

125.00 

250.00- 




Director of Projact Ulrich Schaeppi, M, D. 


justness Officar of iho-Institution 
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research- grant, from the National Institute of Health to* 

Dr. W.. P., Koella. 


• ) 



Source: https://www.industrydocuments.ucsf.edu/docs/jnwmOOOO 


1003101232 







^ *'/*"*' 



APPENDIX 


Parasympathomimetic Action of Nicotine upon the 


Present status of workr. 

.The question whether nicotine stimulates autonomic effectors which are 
Innervated by parasympathetic nerve fibers by an action upon ganglion 
cells only or whether it elicits also effects; at postganglionic sites 
was not well understood' in the past. 

We have recently observed that nicotine produces contraction of the 
isolated iris sphincter of the pig CSchaeppi and KoeIlia, 1964a)* A 
grant freer the Tobacco Research Council of U.S.A. for 1965-66 made it 
possible to further investigate this nicotine effect, In particular 
we were able to demonstrate that the pig; iris reacts as if its para¬ 
sympathetic nerve supply does not contain ganglion* cells* This con- 
'elusion is borne out by observations that iris sphincters from eyes 
which were subjected to ciliary ganglionectomy two weeks prior to the 
in vitro investigation show the characteristic symptoms of chronic 
parasympathetic denervation. These symptoms consist of supersensitivity 
to small doses; of acetylcholine and of neural inexcitabllity CSchaeppi, 
1966). The observation that the parasympathetic nerve supply reacts 
if it does not contain gang! ioni cells indicates then that the nico¬ 
tine, induced contraction* of the isolated pig iris sphincter has to be 
attributed to a non-ganglionic site of action of nicotine* The further 
observation that nicotine fails to produce contraction of chronically 
parasympathetleally denervated iris sphincters indicates that nicotine 
does not elicit contraction by a direct action upon the muscle fiber., 

It rather indicates that the nicotine induced contraction of the nor¬ 
mal iris _sphincter is due to the release: of cholinergic transmitter 
from nerve endings or from structures: depending upon an- intact parasym¬ 
pathetic nerve supply. A detailed report on the postganglionic stimu¬ 
lating and blocking effects which nicotine exerts upon parasympathetic 
nerve endings in the pig iris sphincter has been published CSchaeppi 
and’Dodd, 1965; Schaeppi', 1966), see also Figure A-l.. The observation 
that nicotine produces postganglionic effects resembling those of peri¬ 
pheral parasympathetic stimulation can be compared with* observations by 
Bum et al* C1959) who found that nicotine produces postganglionic ef¬ 
fect srresembling those of peripheral sympathetic stimulation, 

N6n-ganglionic effects: of nicotine,, similar to those observed in the 
isolated pig iris sphincter, can be found in isolated’ intact cat irides* 

A report on these observations is at present prepared, for publication 
CSchaeppi and Koella, 1966) Csee also Figure A—2). 

Future work:. 

We wish* to continue our work and to extend our observations on nicotine 
effects upon iridtes in vivo, . Atkinson et al* (1965) recently have 
stud iedi the effects of the intracarotid injection of nicotine in anes¬ 
thetized' cats. They observed that nicotine produced marked sympatho¬ 
mimetic effects but they failed'to observe a postganglionic parasympatho¬ 
mimetic action. It must be expected that catecholaminesi which are re** 

leased from the walls of the blood vessels to the iris may have contributed 


\ 
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v « 7 “. ..- 'V’| t * ve ayxupathcxniaetic action of nicotine and that strong sympatho- 

'tijtfi'.. :ir. mimetic effects may then completely have masked parasympathomimetic 

affects of this compound. 

dir future work we will investigate the effects of nicotine upon 
vivo -lridtes and we will inject nicotine into the anterior eye 
chamber.of three different cat preparations* 

Detailed plan of procedure; 

-'it 

■"*’V££'* 7. Cats are 1 operated under ether anesthesia. The trachea is canmilated 

ind a polyethylene cannula is tied into the femoral vein. The size 

■ V- * v" "4.-V: _ j _ *_j> _, __ . L ^ 

1 a set of two 
laboratories* 
chamber by means of 

ji ^oi'i’owing technique. A 2Z gauge needle is inserted from-the limbus 

' corneae i* 1 a sense that the tip of the needle is located in the anterior 

! Vv . chamber, in the center of the pupil.* Thereafter, the needle is 

needlte containing 
solution* and it is 
pressure within the 
eye chamber and 

- to a Tyrone reservoir with constant pressure., The, nicotine 

**»V is; investigated in* three different cat preparations:: 

• l ^ \ “ V - : ■ N-W * -■ 

in deep Nembutal anesthesia in which the oculomotor nerve was 
transected 1 within the skull are used to study the action of nico¬ 
tine upon the mydriatic pupil. This preparation serves thus to 
V -demonstrate the miotic effects of nicotine. 

to positcollieular pretrigeminal decerebration will 
in vivo preparation with firmly closed pupil., This 
serves to demonstrate mydriatic effects of nicotine. 

, Tf Cots maintained under deep pentobarbital anesthesia will be used 
* ^ -/ t® investigate the action, of nicotine upon irides with intermediate 

. •>*’pupillary size. These preparations will be used to investigate the 

biphasic response of nicotine which consists in miosis followed by 

. mydriasis. 


Nr 

* . Y~- 
l \ ( *: 




■ *■!. 



Ve will use only observational from-cats in which nicotine failed to 
change the pupillary size of the non-treated control eye. 

We atUo wish to investigate whether nicotine-induced miosis is mediated 
by a cholinergic mechanism. We will therefore investigate the effects of 
nicotine upon irides treated with atropine or inhibitdca of cholinesterase 
and. upon irides which were subjected to chronic parasympathetic denerva¬ 
tion. 

Significance: ~ ““' ’ 

Nicotine wasi found to; produce stimulation of postganglionic parasym- 
pathetic nerve endings. This observation adds a new perspective to 
the mode of action of nicotine upon the cholinergic neuron* and con¬ 
tributes, to a better understanding of the complex action of this 
- compound L Whether this action has- any bearing on experimental in¬ 
volving systemic administration of nicotine and particularly on long¬ 
term effects of smoking, remains to-be seen. 
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A: arrows indicate beginning of 5-sec periods of elec¬ 
trical stimulation with, pulses of 1 msec duration at 
15 pulses/sec and volts as indicated, B: arrows indi¬ 
cate administration of acetylcholine in dhses as indi¬ 
cated except arrow marked N, which shows adtninia t rat ion 
of 50 mg nicotine. Both preparations investigated at 
inter ho ok distance of 9 tnnu Both preparations same 
force calibration Cgrams) , Note: Nicotine produces 
contraction of the normal sphincter but falta to pro¬ 
duce contraction of the chronically parasympathetically 
dehecvated preparation, 

Prom: Schaeppi, U., Ala, J* Phyaiol, 210i, 91^-94, 1966, 
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Flgure A-2: Changes in pup Hilary size of Isolated intact 
cat Iri-des in response to administration of 
nicotine and in response to electrica l stimu¬ 
lation. 
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a: pupillary size in tnm . Abszissa: time., Arrofws: 

C injection of nicotine 10 mg., Markers: electri- 
-cal stimulation with- 5 sec trains of pulses of 2 msec pulse 
width, 3 pps at 20 volts* A: normal, B: chronically sym¬ 
pathetically denervatad and Cr chronically-paraoympatheti 1 - 
cally dfenervated intact cat iris. D: changes in trans- 
Vr,* nP^*^ncy (arbitrary units)* after a. single injection of India 
ii „■ * . ’ ink. Iris replaced by metal plate with circular opening of 

. • ^ ' 50 mm 2 . Arrow injection-of india ink. Flow rate, of Ty,rode 

. / ' * . 20 ml/min. Note: In normal irides nicotine produces closure 

~' L '. followed by opening. After elimination of the parasyopa- 

thetic nerve supply to the iris Cchronically parasympathetic 
eally denervated* iris) nicotine produces only opening. In 
the chronically sympathetically denervated iris nicotine, 
produces only miosis. 

From: Schaeppi, Uw, Dennison, Band Dodd, M., ,f Non~ 

‘ ■ ganglionic parasympatUomimetic action-of nicotine upon the 

isolated cat iris ,f . (In, Pre pa rat ion for Publication) 
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(B) Changes in the'Level of Vigilance Elicited by Administration of Nico¬ 
tine to the Lower Brain. Stem* 


Introduction? 


■W# 

v Tf v - 


Several investigators have demonstrated! that electrical or chemical 
stimulation of the cat's lower brain stem exerts a marked effect 
Upon the animal's level of vigilance. In encephale isole cats,, elec¬ 
trical stimulation of the medulla ellcits^in dependence upon the 
stimulus parameter aid upon the site of stImulation,either symptoms of 
arousal' or symptoms associated with a decrease in the llevel of vigi¬ 
lance (M&gnes et al., 1961). The elimination of the lower brain stem 
by surgical procedures CBatini et al., 1959), or the inhibition by 
local treatment with anesthetics (Magni et al.,, 1959; Bonvallet and 
Bloch, 1961) induces a shift towards arousal. This arousal effect is 
due to the inactivation of medullary centers which exert a depressor 
effect upon more.rostrally located 1 brain structures. Strychnine in¬ 
jected into the cat's fourth ventricle produces: generalized, arousal 
CSchaeppi and Koella, 1966) and this effect must be attributed to the 
activation of excitatory structures which-are located. In the lower 
brain-stem. Serotonin- injected into the cat's fourth, ventricle in¬ 
duces a protracted decrease in the cat's level of vigilance and this 
.. effect was found' to be due to the activation of chemoreceptors in the 
area posferema- which induces; the activation of medullary depressor 
centers CKoella et al., 1965). - 

Nicotine was repeatedly shown to have a direct action upon the lower 
- brain stem of the cat. Medullary actions of nicotine consist in 
" emesis CLaffan and Borison, 1957) and in changes in the rate and in 


; I-: r '?ss A . Present status of work; 

' = l ?- > Fifteen cats, paralyzed with Flauoedrl, were artificially respirated 

V - ;V J:' and kept under local anesthesia., The level 1 of vigilance was deter- 

v r» ’'$(i m mined by recording cortical 1 EEG, tension of the nictitating membrane, 

’ size of pupil, blood pressure and ECG. Nicotine HC1 was dissolved 
in Tyrode, neutralized, and injected-in-volumes of O.02S ml into the 
' fourth ventricle. Nicotine produced arousal in dlrowsy and sleeping 

cats. The arousal often was interrupted by short periods of EEG syn- 
t • chronization with decreased sympathetic activity. The phase of 

arousal usually was followed by a phase of reduced level of vigilance. 
The threshold dbse for these nicotine effects was about 1 pg. 

(see Figure B-l.) (Schaeppi, U.,, 1966.) 


Future work: 


Nicotine administered to the medulla of cats affects; respiration in- 
a dual way and: this dual action has been shown to be caused by an 
action upon at least two different medullary sites (Mitchell et al., 
1963). It is therefore very likely that the dual nicotine effect 
upon, the cat's level of vigilance is also due to a-multiple site of 
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Act£on. upon the medulla,, To further localize these sites we wish. to* 
continue our work with Flaxedil paralyzed cats and' we wish: 

1) to further investigate the action of nicotine injected' into the 
cat's fourth ventricle; 

2-3) to investigate the effects of nicotine injeated' into the cistema 
magna and into the third' ventricle; 

4) to investigate the action of nicotine injected into the blood 
supply to the lower brain stem 1 ; 

5) to Investigate in cerebellectomized cats the effects of the. local 
application of nicotine to various areas on the floor of the 

- fourth ventricle; 

6) to*investigate the effects of nicotine administration into the 
fourth ventricle off unrestrained, free moving cats. 

‘ Detailed' plan of procedure: 

1) preparation and recording; techniques: 

Gats are tracheotomized under ether anesthesia and a polyvinyl 
cannula is tied into the femoral vein. The head is placed in a 
stereotaxic instrument and burr holes are drilled into the ex¬ 
posed skull <H ran laterally from the sagittal suture and 12, 15 
and 18 mm posterior from the coronal suture). Silver electrodes 
mounted on a- lucite holder are inserted in the burr holes in a 
sense that the uninsulated tip is located on the dura. The lucite 
holder is fastened with screws to the skull. After temanation 
of the surgical procedure the wound margins: are infiltrated with 
1% Xyliocaine solution, the cats are maintained^ under artificial 
respiration and kept paralyzed'with i.v. injection of Flaxedil 
ml/hour. The electrocorticogram. from the suprasylvian gyrus is 
recorded against an indifferent screw electrode on the frontal 
bone. The EEG from the medulla is monitored by means of stain¬ 
less steel electrodes (Hess) which are mounted on a microdrive, 
and'which are vertically inserted into* the medulla. The EEG from 
the medulla is recorded from the area of the. solitary nucleus 
against an indifferent screw electrode on the frontal bone. For 
electrical recording two 4 channel Grass polygraphs are used.,. The 
cortical EEG is routinely fed' into an EEG Offner frequency analyzer 
whose output is recorded at 10 sec delay on the polygraph. The 
following indicators are also recorded on* the polygraph: the blood 
pressure from the femoral artery by means of a Statham strain 
gpuge, the tension* of the nictitating membrane by means of a Grass 
force transducer and the size of the pupil by means of a pupillo- 
meter which was: recently developed in our laboratories (Dennison, 
to be published!). 

a) For cannulation of the 4th* ventricle a 22 gauge needle with 
short bevel is mounted^ on a microdrive. The cannula enters 
the skull through a* burr hole in the crista occipitalis 3 mm 
in* front of the eminentia occipitalis. The cannula is directed 


2) 
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In the sagittal plane at an angle of from 6D to 70 degrees 
with the horizontal pllane, and it la inserted until the tip 
reaches the fourth ventricle. 






- ' 


m. 





.. . r v 


b) For cannulation of the cisterns magna the 22 gauge cannula 
ii* inserted' horizontally through the membrana atlanto occl- . 
pitalxs, The needlfe perforates the membrane at the dorsal 

J_edge o f the for amen magnum. _ 

c) For cannulation of the third ventricle a 22 gauge c annul la is * 
inserted vertically through the parietal bone. It la ori¬ 
ented in the sagittal plane, enters the parietal bone through 
a burr hole in the sagittal suture, 12.5 tarn anterior to the 
interauricular line, and it is inserted until it reaches the 
3rd ventricle.. To prevent nicotine injected into the 3rd 

. . ventricle from reaching pontine andi medullary structures the 
liquor outflow from 1 the 3rd ventricle Is collected by means 
. . of a polyethylene tube which is inserted ih the aqueduct of 
the midbrain. For insertion of this tube the cat is cere- 
bellectomlzedi and the tube is inserted* under visual control. 

d) - To inject nicotine into the 4th.ventricle of unaneath&tized 
unrestrained catr we will use the technique of ventricular 
cannulation as reported by Ffeldberg, andi Sherwood C1953). We 
will use principally the same transcerebelKar approach as des- 
cribed in Ca> above. 

•> For the application of nicotine to localized areas on the 
.L; floor of the 4th ventricle the cerebellum is removed under 

local anesthesia. Cbtfeon pellets of 2 an diameter soaked with 
nicotine dissolved in Tyrode solution are applied to various 
areas on the floor of the 4th ventricle. 

'Nicotine is administered into the blood supply to the lower 
.J- brain by injecting it into the vertebral artery according, to- 
V the technique introduced! by Magni et al. (1959). Cats are 
tracheotomized under ether anesthesia and are subjected to 
section of the spinal cord at C2 and' to bilateral cervical 
vagotomy. The palate vault is; trephined, the basilar artery 
/^exposed and 1 ligated at a caudal pontine level slightly an- 
‘terror to the foramen caecum. The right vertebral artery is 
- v exposed and cannulated. According to observations by Magni 
* et al. (1959) material injected into the right vertebral ar¬ 
tery is conveyed to the medulla, andrto the caudal portion of 
the pons, up to the trapezoid body. The distribution is prev¬ 
alently, but by no means exclusively, ipsilateral. 

For intraventricular administration nicotine KC1 is dissolved in Tyrode 

solution, adjusted to a pH of 7-7.2; kept at from 37.5 to 39 centigrades 
and 1 is injected in 0.025 ml volumes through a 28 gauge needle which is 
inserted into the lumen of the 22 gauge cannulas. Nicotine injections 
are repeated at intervals of approximately 1 hour. Between each subse¬ 
quent nicotine injection 0.025 ml Tyrode is injected as control. In¬ 
jections are performed 1 within a-30 sec period. The volumes of the.in¬ 
jected'solutions are well within the order of magnitude of the volumes of 
cerebrospinal fluid secreted into the cerebral ventricles (0.02 mi/fain 
acco rding to Da ys on et al.., 1962). .__ w _ 

Significance; * . .*-• --- 

Ihjection of very small doses of nicotine into the 4th* ventricle 
elicits marked changes in the level of vigilance of unaneathetized 
paralyzed cats;. To-what extent these nicotine effects play a role 
Upon the production, of psychic changes occurring In* response to- 
systemic administration of. nicotine or in.response to nicotine up- : 

during t,r»hArno smoklna remains to be „ ■_ . __ • . .. 
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Pigure B-l: Changes in> level of vigilance in re¬ 
sponse to injactloiT of nicotine C IO )> 
the 4th ventricle of unanesthetized, 
paralyzed cat. 
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Records A, B, C. Top liner tension of nictitating 
membrane. Second line: EEG t , monopolar recording 
from middle suprasylvian gyrus against screw elec¬ 
trode on frontal bone. Third liner frequency anal¬ 
ysis of EEG (10 sec delay). A: control, B; marker 
indicates 30 sec period of nicotine injection^ C: 
return to control level., 

Note: Nicotine injection, into the 4th ventricle 
of the cat produces contraction of nictitating mem¬ 
brane and EEG desynchronization. These symptoms of 
arousal lasted approximately 4 minutes. 
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